Abstract: Repeated analysis of soil organic matter (SOM) in the top 0.3 m of a perennial rotation pasture with legumes in Nova Scotia showed a significant increase of SOM from 2007 to 2015 (paired t test; n = 24; P < 0.001). This suggests perennial pastures in cool-humid biomes enhance ecosystem services of dairy farms through SOM storage.
Introduction
In pastures, grazing cattle and lactating cows forage large areas relative to the small areas into which they deposit, spatially at random, nutrient-rich dung and urine at a high frequency (Vellinga et al. 2001; Oudshoorn et al. 2008) . These concentrated organic returns of plant nutrients increase herbage production, soil organic matter (SOM), and the N supplying power of SOM (Langmeier et al. 2002) . On the basis of theoretical considerations and an unpublished national soil database for France, Soussana et al. (2004) predicted highest SOM for permanent grasslands grazed for more than 15 yr, net increases of SOM sequestration in permanent grasslands due to intensified grazing, and maximum increases of SOM following inclusion of legumes for replacement of mineral N fertilizer applications. However, a literature review by Jensen et al. (2012) noted for Europe a paucity of quantitative studies on the contribution of legume inclusion to SOM storage in pastures. We found the same to be true for the Maritime Provinces of Canada. The purpose of this paper is to assess pasture-induced changes of SOM in a perennial rotation pasture with legume inclusion in cool-humid Nova Scotia, Canada.
Materials and Methods

Experimental design
The pasture of approximately 3.2 ha on the Dalhousie University Agricultural Campus (formerly Nova Scotia Agricultural College) at 45°22′N and 63°16′W was established on well to rapidly draining and nonstony sands with blue grass (Poa pratensis) and white clover (Trifolium repens) in 1998 and comprised eight paddocks. The paddocks were uniformly grazed until 2003; strip grazed by lactating cows for five seasons from 2004 to 2008 at varying management intensity; and then again uniformly grazed for another six seasons until 2014. Soils were tested for initial and residual effects of varying pasture management intensity after three seasons in spring 2007 and 8 yr later in spring 2015, respectively. A morphologically distinct plough horizon (A p ) 0.3 m deep indicated long-term use for crop production until. Since then, no mineral fertilizer and lime had been applied to the organic perennial pasture. Standard agricultural soil Intensively grazed strips were managed with and without sward tending (i.e., dung spreading and sward clipping following grazing periods). Intensive grazing meant four grazing periods each season compared with two grazing periods in extensively managed strips. Herd size remained constant across treatments. Cows were herded twice a day, for approximately 3 h each time, into the barn for milking and supplemental feeding of concentrates.
Data collection
Soil cores were taken in two transects × four paddocks × three grazing strips (n = 24) following three seasons, prior to grazing in early May 2007. Following two more seasons of strip grazing plus six seasons of uniform rotational grazing, SOM stocks were estimated by taking a repeat sample in early May 2015. In both years, soil was sampled manually in small pits using steel cylinders with a volume of 282 cm 
Soil testing
The core samples were dried at 40°C for 24 h following sampling, passed through a 2 mm sieve. The retained gravel (with particle size >2 mm) was weighed separately from the screened soil. The screened soil was then subjected to drying, combustion, and chemical analysis. For loss on ignition (LOI), 10 g of soil were placed in a metal tin, dried at 105°C for 1 h, weighed, and then transferred into a muffle furnace at 450°C for 1 h, and weighed again. Equal volumes of soil and distilled water were mixed for determination of soil pH using an Orion electrode.
Calculations and data analysis
The volume of the soil sampler (i.e., steel cylinder) of 282 cm 3 was corrected by subtracting the gravel volume assuming a specific gravel weight of 2.67 g cm −3 (Wiesmeier et al. 2014) . We report the gravel volume by soil depth and sampling year in Table 1 . The screened soil ) M soil mass with particle size <2 mm in soil core (g) a scaling factor
We ascertained homogeneity of variances and used paired t tests to determine if the mean difference between sample points in SOM stock was different from zero for the 24 soil pits sampled in 2007 vs. 2015. Three pasture management treatments had been randomly assigned to one of three grazing strips within each of four replicate paddocks during a 5 yr period from 2004 to 2008. The CoHort software was used to perform an analysis of variance (ANOVA) on a one-way randomized block design with four replicates and three treatments (df = 11) to test for shortterm and residual effects of pasture management in 2007 and 2015, respectively. The input values for the four replicates represented the average of the two samples (i.e., two transects) within each of the 12 experimental units. 2015 (paired t test; n = 24; P < 0.001). As shown in Table 1 , paired t tests on SOM s indicated significant increases of the mean SOM stock for each of the three depth increments (P < 0.05). Cumulative increase of SOM s under rotational grazing gradually decreased with soil depth. The increase of SOM s was due to significant increases of SOM c while variation of the soil physical factors (i.e., gravel proportion and bulk density) of SOM storage was nonsignificant. In fact, slight decreases of mean soil bulk density were offset by much more marked increases of SOM c by a factor of 1.21 and 1.15 in 0-0.1 and 0.1-0.2 m depth, respectively. Our ANOVA did not reveal any significant effect of strip grazing at different stocking rates on SOM after 3 yr in 2007 and also not in 2015 after two additional years of strip grazing followed by 6 yr of uniform grazing. Thus, there was no short-term effect of grazing intensity on SOM s . 
Results
Mean
Discussion
The 11 yr pasture experiment corroborated the notion of a positive net change of SOM s at a high rate as predicted by Soussana et al. (2004) for established grasslegume pasture systems. However, our ANOVA did not reveal any significant effect of strip grazing at different stocking rates on SOM s . The three seasons of management prior to sampling (i.e., 2004-2006) may not have been sufficient to overcome the management effects on SOM dynamics that occurred prior to strip grazing. Typically, it takes at least a decade before reaching a new equilibrium once a change has been implemented according to our present understanding of SOM dynamics (Janzen et al. 1998; VandenBygaart et al. 2003) . Thus, the soil carbon storage model by Soussana et al. (2004) provides strong conceptual guidance for enhancing ecosystem services rendered by perennial pasture ecosystems with legume inclusion. Soil bulk density results did not differ significantly between sampling years and values were in good agreement with bulk density determined independently by Halde et al. (2011) High rates of SOC storage were likely achieved by a high N turnover due to cow activity and high symbiotic N dfa (N derived from atmosphere) inputs in the course of the 8 yr period (i.e., 2007-2014) . Vellinga et al. (2001) estimated urine deposits to overlap once on 3253 m 2 ha −1 after seven grazing cycles and cows in rotational grazing systems defecate at an hourly rate of 0.37 (Oudshoorn et al. 2008) . Thus, cows likely manured paddocks entirely regardless of differing management intensity in the early years of the experiment thereby homogenizing the beneficial N cycling effects of a rotational strip grazing. Moreover, Bouman et al. (2010) noted high rates of apparent fertilizer N replacement for grass-clover mixtures in an adjacent field on the same farm.
Conclusion
To our knowledge, we report the first SOM increase for a rotational dairy pasture system with legume inclusion for fertilizer N replacement in the Maritime Provinces. The results suggest that organic perennial rotation pastures embedded in cool-humid forest biomes enhance ecosystem services (i.e., carbon sequestration) rendered by dairy farms through SOM storage.
